The influence of kinetin and sucrose on (60%), Hill activity (about 3-fold), and "C-fixation from NaH"CO3 (about 20%). On the other hand, the presence of sucrose in the medium reduced the chlorophyll content by about 30% and "C-fixation from NaH"4CO3 in the soluble fraction by about 60%. A possible correlation between the influence of kinetin on sugar uptake and the effect of kinetin on "C-fixation from NaH"CO3 was discussed.
MATERIALS AND METHODS
Carrot (Daucus carota) tissue cultures were obtained by a method already described (18, 19) which is based on the method of Steward et al. (27) . The tissues were generally cultured for 2 weeks under continuous illumination (about 5000 lux) in a medium (18) containing IAA, inositol, and, according to the treatments, kinetin was also included.
Extraction of the chlorophylls using 80% acetone was made as described by Holden (11) , and the extracts were measured spectrophotometrically according to Arnon (1) . Chloroplast suspensions were isolated following the method of Nobel (24) with some modifications (25) , using a phosphate buffer (pH 7.4) in the sucrose-isolation medium instead of the tris buffer.
For the assay of Hill activity, the reaction mixture consisted of chloroplast fractions containing 5 to 7 mg of chl/ml and in micromoles/ml: phosphate buffer (pH 7.4), 50; KCI, 24; ferricyanide, 0.5. The samples of a final volume of 3 ml were illuminated for 5 min (45,000 lux) at 20 C in 1-cm light path cuvettes, then 0.3 ml of 30% trichloroacetic acid was added to both illuminated and dark cuvettes. Portions of the supernatant solutions, after removing the precipitates by centrifugation, were assayed for ferricyanide by the method of Avron and Shavit (2) .
For radioactive measurements of CO.-fixation and sugar uptake NaH"CO,, 16 .5 tic/ml; 0.9 mc/mmole, or "C-fructose, 0.08 ,uc/ml; 296 mc/mmole; Radiochemical Center Amersham, England, was applied in the nutrient medium for 6 hr as already described (19) . Methods for extraction of the different organic fractions and their separation by ion exchange resins and paper chromatography were made according to Heilenz et al. (10) . Measuring the radioactivity of the "Clabeled compounds was done using a Packard Tri-Carb liquid scintillation spectrometer after combustion following the Schoninger method (9) . In the experiments using "C-fructose, CO2 was precipitated by Ba(OH)2 in a separate vessel connected to the culture tube containing the explants.
Methods for counting the cells per explants were previously described (23) . RESULTS 
AND DISCUSSION
The results concerning the influence of light, sucrose, and the hormonal components of the culture medium on the growth of carrot tissue cultures measured in terms of fresh weight, dry weight, number of cells per explant, and cell size are summarized (Table I) . In all treatments, adding IAA and inositol to the nutrient solution increased fresh weight and (Table IB) . Under the conditions employed, the results on growth seem to point to the conclusion, that an interaction between light and the various hormonal treatments determines cell division activity of the explants, whereas sucrose influences mainly cell size and dry weight production. In this respect, Upper et al. (30) , with tobacco callus tissue. found that the maximum obtainable dry weights at logarithmic growth rates greater than 0 to 16 doubling per day depended on the amount of carbohydrate in the medium and on a particular hormonal regime.
Apparently, the influence of light on cell division activity is mainly due to an interaction between IAA-inositol and light. Furthermore, the lower cell division activity in the kinetin treatment in the dark can be due to the absence of the latter interaction. It remains to be seen, whether this influence of light on growth is merely nutritional (photosynthesis) or due to a more direct correlation between light and the hormones used in the experiment.
In order to test the role of photosynthesis in the growth as influenced by kinetin, the photosynthetic activity of chloroplast suspensions obtained from tissue cultures was measured in terms of ferricyanide reduction (Table II) (3) .
The high Hill activity of the carrot tissues cultured with kinetin may indicate a rather juvenile condition of their cells and chloroplasts (21, 22) as compared with the mature normal leaves used in these experiments. This is in agreement with the earlier observations indicating the decreasing capacities of Hill reaction of chloroplast preparations from leaves of increasing age (5, 16, 25) . Moreover, this finding gives, as well, further evidence to the previous results indicating a "dedifferentiation" or "rejuvenescence" of carrot tissues cultured with IAA + inositol + kinetin (15) . On the other hand, the low Hill activity and the low chlorophyll content, with disturbed a/b ratio, of the tissue cultures grown devoid of kinetin may give indication for the importance of this growth regulator in developing the photosynthetic apparatus under the conditions employed, i.e., tissues cultured on a medium which supports active cell division. In this regard, Stettler and Laetsch (26) found with tobacco tissue cultures that exogenous cytokinin appears to be a specific requirement for induction of development of proplastids into mature chloroplasts. Feierabend (7) also reported that normal plastid development is specifically 14) .
Our data give evidence that kinetin has a promoting effect on both chlorophyll synthesis and photosynthetic activity of chloroplasts. On the other hand, sucrose, usually added to the nutrient medium, seems to hinder the development of the photosynthetic apparatus which occurs during dedifferentiation (13, 17, 22) , a matter which affects in turn the autotrophic capacity of the tissue cultures for carbon thereafter.
In Figure 1 , an example of the course of "C-fixation (from NaHCO3) in light and darkness is given. "C-Fixation is increased several-fold in the light, which indicates that cultured carrot tissues, after development of chloroplasts and whatever maturity stage they reach, are able to photosynthesize 14C added as NaH"CO3. The results of "C-fixation from NaH"CO3 during the photosynthesis of carrot tissue cultures as influenced by kinetin or sucrose in relation to uptake of labeled fructose give further evidence to the previous conclusions (Table IV) . As can be seen from the data, kinetin increased "C-fixation in the absence of sucrose from the medium. Similar results for the cytokinin effect on "CO2-fixation were obtained with bean leaves using benzyladenine, (A. Raafat and K. Herwig, unpublished observations). In this connection, Treharne et al. (29) found that hormonal application including kinetin stimulated the activity of ribulose 1 , 5-diP carboxylase in fully expanded bean leaves. When sucrose, on the other hand, was present in the culture medium, "C-fixation (from NaH"CO3) in the light was greatly reduced, regardless of the presence of kinetin in the medium. However, from the results in the table, kinetin seems to increase, to a certain extent the uptake of labeled fructose from the nutrient medium. Thus, it appears that this increase of sugar uptake due to kinetin could lead to a decrease in "C-fixation. In other words, there seems to be competition between these two carbon sources. Further evidence for this competition between the sugar in the medium and "C-fixation (from NaH"CO3) can be deduced from the results summarized in Table V . Statistical analysis of variance for the data in this table indicated that the influence of sucrose with and without kinetin is highly significant.
In order to get an idea how this competition between these two carbon sources interferes with metabolism, the distribution of "C coming from "C-fructose or from NaH"CO3 was followed (Fig. 2) . The presence of sucrose in the media generally resulted in higher "C-fixation (from NaH"CO3) in total carbohydrates. This was more pronounced when kinetin was absent from the medium. Also no labeling was found in polysaccharides by using 'C-fructose, whereas some "C was found in this fraction by applying "C as NaH"CO3. Although "Cfixation in polysaccharides was not affected by sucrose in the presence of kinetin, yet it was doubled in the absence of kinetin. Earlier results on competition between exogenous sugar and CO2-fixation which reflects on position-labeling in sugars formed during photosynthesis have been reported by Gibbs and Kandler (8) . "C-Fixation in the organic acid fraction, however, was remarkably decreased in the presence of sucrose in the media, regardless of the kinetin action. Similar distribution of label in the organic acid fraction was obtained by using either "C from NaH"CO, or "C-fructose.
As for the nitrogen compounds, kinetin generally reduced "C-fixation (from NaH"CO,) in the soluble amino acid fraction. A similar trend was also noticed when sucrose was present in the medium. On the other hand, sucrose induced a high content of "C activity from NaH"CO, in the protein amino acids. This tendency was more clearly observed in the presence of kinetin. The effect of kinetin in increasing amino acid incorporation in isolated chloroplasts of mature leaves was already shown (7) . Independent of the kinetin action, the lowest labeling of the protein amino acids occurred when "4C came from fructose.
CONCLUSIONS
The results of this investigation show clearly that light contributes heavily to the growth of carrot tissue cultures. This seems to be mainly due to photosynthesis (even in the presence of a high sucrose concentration in the medium), which accounts to a great degree for the higher fixation of 14C from NaH"4CO3 in the light (3-to 6-fold) than in darkness (Fig. 1) . From these observations it was concluded that after development of chloroplasts, carrot tissue cultures should be able to grow (Table I) .
Adding sucrose to the culture medium apparently creates some sort of competition between the two carbon sources, i.e., NaH"4CO and the sugar. This competition seems to be mainly concerned with the metabolic pathways which are responsible for the integration of carbon from both sources into the metabolic machinery of the cells. In this competition, sucrose dominates and consequently 14C-fixation from NaH14CO. is reduced. This in turn may slow down the light reaction as a whole in intact cells, as noticed in the previous investigations, using whole tissues (20) .
